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(57) ABSTRACT

Aspects herein are directed to an apparel thermo-regulatory
system that actively heats or cools a wearer. The apparel
thermo-regulatory system comprises an apparel item, a
dimensionally stable frame comprising at least one aperture
that is affixed to an outer-facing surface of the apparel item
at a predetermined location, an absorbent material applied to
an exposed face of the dimensionally stable frame, and at
least one thermoelectric module that is releasably positioned
within the aperture of the dimensionally stable frame.
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APPAREL THERMO-REGULATORY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application, having attorney docket number
NIKE.281560/160281US02 and entitled “Apparel Thermo-
Regulatory System” claims the benefit of priority to U.S.
Prov. App. No. 62/410,453, entitled “Apparel Thermo-
Regulatory System,” and filed Oct. 20, 2016. The entirety of
the aforementioned application is incorporated by reference
herein.

TECHNICAL FIELD

[0002] The present disclosure relates to an apparel thermo-
regulatory system for actively cooling or heating a wearer
when worn.

BACKGROUND

[0003] Maintaining persons such that their core body
temperature stays within a predetermined range is important
for optimizing performance whether athletic or otherwise.
However, this may be difficult with traditional apparel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Examples of the present invention are described in
detail below with reference to the attached drawing figures,
wherein:

[0005] FIG. 1 illustrates a perspective view of an exem-
plary attachment structure for attaching a device to a flexible
material in accordance with aspects herein;

[0006] FIG. 2 illustrates an exploded view of the exem-
plary attachment structure of FIG. 1 in accordance with
aspects herein;

[0007] FIG. 3 illustrates an exploded view of an alterna-
tive exemplary attachment structure for attaching a device to
a flexible material in accordance with aspects herein;
[0008] FIGS. 4A and 4B illustrate exemplary patterns of
an absorbent material applied to a flexible material in
accordance with aspects herein;

[0009] FIG. 5 illustrates a cross-sectional view of a flex-
ible material having an absorbent material applied thereto
and an exemplary attachment structure in accordance with
aspects herein;

[0010] FIG. 6 illustrates a perspective view of an alterna-
tive exemplary attachment structure for attaching a single
device to a flexible material in accordance with aspects
herein;

[0011] FIG. 7 illustrates a plan view of an exemplary
thermoelectric module array in accordance with aspects
herein;

[0012] FIG. 8A illustrates a side view of an exemplary
thermoelectric module in accordance with aspects herein;
[0013] FIG. 8B illustrates a top view of the exemplary
thermoelectric module of FIG. 8A in accordance with
aspects herein;

[0014] FIG. 9 illustrates an exploded view of an exem-
plary thermoelectric module in accordance with aspects
herein;

[0015] FIG. 10 illustrates a cross-sectional view taken at
cut line 10-10 of FIG. 7 in accordance with aspects herein;
[0016] FIG. 11 illustrates an exploded view of an exem-
plary apparel thermo-regulatory system in accordance with
aspects herein;
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[0017] FIG. 12 illustrates a cross-sectional view of a
thermoelectric module releasably attached to a flexible
material using an attachment structure in accordance with
aspects herein;

[0018] FIG. 13 illustrates a close-up view taken at the area
indicated in FIG. 12 in accordance with aspects herein;
[0019] FIG. 14 illustrates a front perspective view of an
apparel item having an exemplary apparel thermo-regula-
tory system in accordance with aspects herein;

[0020] FIG. 15 illustrates a back perspective view of the
apparel item of FIG. 14 in accordance with aspects herein;
[0021] FIGS. 16A-16B illustrate a first and second surface
respectively of a flexible textile adapted to receive a device
in accordance with aspects herein;

[0022] FIG. 17A illustrates a perspective view of an exem-
plary thermoelectric module having a grooved surface in
accordance with aspects herein;

[0023] FIGS. 17B-17C illustrate alternative shape con-
figurations for thermoelectric modules in accordance with
aspects herein;

[0024] FIG. 18A illustrates an exemplary linear device
array in accordance with aspects herein;

[0025] FIG. 18B illustrates an exemplary staggered device
array in accordance with aspects herein;

[0026] FIGS. 18C-18D illustrate an exemplary auxetic
device array in a first state and a second state respectively in
accordance with aspects herein;

[0027] FIG. 19 illustrates a front view of an apparel item
having an exemplary apparel thermo-regulatory system in
accordance with aspects herein; and

[0028] FIG. 20 illustrates a front view of an apparel item
having an exemplary apparel thermo-regulatory system in
accordance with aspects herein.

DETAILED DESCRIPTION

[0029] The subject matter of the present invention is
described with specificity herein to meet statutory require-
ments. However, the description itself is not intended to
limit the scope of this disclosure. Rather, the inventors have
contemplated that the claimed or disclosed subject matter
might also be embodied in other ways, to include different
steps or combinations of steps similar to the ones described
in this document, in conjunction with other present or future
technologies. Moreover, although the terms “step” and/or
“block” might be used herein to connote different elements
of methods employed, the terms should not be interpreted as
implying any particular order among or between various
steps herein disclosed unless and except when the order of
individual steps is explicitly stated.

[0030] At a high level, aspects herein relate to an apparel
thermo-regulatory system configured to promote recovery
from athletic exercise and/or to actively heat or cool a
wearer to help maintain the wearer in an optimal tempera-
ture range thus facilitating, for example, job performance
and/or athletic performance. Apparel thermo-regulatory sys-
tems described herein may be suitable for a wide range of
applications such as, for example, athletes, firefighters, first
responders, military personnel, and the like. More specifi-
cally, aspects herein contemplate an apparel thermo-regula-
tory system that utilizes thermoelectric modules (otherwise
known as thermoelectric coolers, Peltier chips or devices,
thermoelectric units, thermoelectric chips, and the like)
integrated into an apparel item using one or more attachment
structures to heat or cool a wearer. Before describing further
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aspects of this disclosure, a brief overview of thermoelectric
modules and how they operate will be provided.

[0031] A thermoelectric module (TEM) is a solid-state
heat pump that utilizes electrical energy to transfer heat from
a cold side to a hot side of the TEM against a temperature
gradient, using the Peltier effect. When used for cooling,
heat is absorbed at the cold side by electrons as they pass
from a low energy level in a p-type semiconductor element
to a higher energy level in an n-type semiconductor element.
A voltage differential between a positive connector and a
negative connector of the TEM provides the electrical poten-
tial to move the electrons from the low energy level to the
high energy level. At the hot side of the TEM, energy in the
form of heat is released as the electrons move from the
higher energy level back to the low energy level. TEMs have
the advantage of switching from cooling to heating by
reversing the polarity of the electrical supply. Thus, what
may have formerly been the cold side of the TEM may
become the hot side, and what may have formerly been the
hot side of the TEM may become the cold side after the
polarity is reversed. Thus, a single TEM may be used to both
heat and cool.

[0032] For the TEM to function efficiently (i.e. to not
consume excessive power), it is important to remove the
heat that is generated at the hot side of the TEM. This can
be a challenge when the TEMs are used in apparel as
traditional heat sinks such as fans are not practical. Aspects
herein contemplate an apparel thermo-regulatory system
that uses evaporative heat transfer to dissipate heat from the
hot side of the TEM. More particularly, aspects herein
contemplate harnessing the wearer’s own sweat or perspi-
ration to remove the heat from the hot side of the TEM. A
number of different approaches may be used to transport
sweat from a first part of an apparel item to a second part of
the apparel item where one or more TEMs are located. Once
transported to the area where the TEMs are located, evapo-
ration of the sweat helps to dissipate heat from the hot side
of the TEMs. Moreover, because the hot side of the TEM is
at a higher temperature than the wearer’s body, more heat is
forced into the ambient environment than would occur by
sweating alone which may further help to cool the wearer.
[0033] Additional aspects of the apparel thermo-regula-
tory system contemplated herein comprise an attachment
structure useable for attaching one or more devices, such as
one or more TEMs to an apparel item. Because apparel items
are generally formed of a flexible material, it may be
challenging to attach more rigid structures, such as TEMs, to
the apparel item without comprising the integrity, the physi-
cal characteristics (e.g., flexibility, pliability, drapability, and
the like), and/or the functional characteristics (e.g., perme-
ability, breathability, moisture-management characteristics,
and the like) of the apparel item. Aspects herein contemplate
a flexible, dimensionally stable frame integrated into the
apparel item and configured to receive one or more devices
such as TEMs. The dimensionally stable frame is integrated
into the apparel item in such a way that it does not need to
be removed prior to, for instance, washing. In this way, a
wearer may don the apparel item, quickly attach the one or
more devices to the integrated dimensionally stable frame,
and begin, for example, working or exercising.

[0034] In exemplary aspects, the dimensionally stable
frame comprises a first surface, a second surface opposite
the first surface, and at least one aperture sized to receive a
device such as a TEM. As used throughout this disclosure,
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the term “dimensionally stable” may be defined as a material
that exhibits the property of being able to maintain its
original dimensions while being used for its intended pur-
pose. The first surface of the dimensionally stable frame is
affixed to the outer-facing surface of the apparel item. In an
exemplary aspect, an absorbent material may be applied to
the second surface of the frame. As will be explained more
fully below, the absorbent material may be used to collect
perspiration and/or water and continually release it around
the hot side of TEMs to help remove heat from the TEMs.
Further, in an exemplary aspect, the dimensionally stable
frame may be perforated to enable perspiration located on
the outer-facing surface of the apparel item to move through
the dimensionally stable frame to the absorbent material.

[0035] Continuing, in use, one or more TEMs may be
positioned adjacent an inner-facing surface of the apparel
item and releasably mated with the aperture of the dimen-
sionally stable frame. To facilitate the attachment of the
TEM to the frame, the TEM may comprise a base portion
having a first generally planar surface and a flange portion
having a second generally planar surface opposite the first
surface. The flange portion extends outward from the base
portion to form a lip between the base portion and the flange
portion. The aperture in the dimensionally stable frame may
have an aperture size that is intermediate between the width
of'the base portion and that of the flange portion of the TEM.
When the flange portion is positioned within the aperture of
the dimensionally stable frame and a degree of pressure is
applied, the flange portion is forced through the aperture and
the lip engages with the aperture edges to maintain the TEM
within the frame. In this configuration, because the TEM is
inserted from an inner-facing side of the apparel item, and
the dimensionally stable frame is affixed to the outer-facing
side of the apparel item, a portion of the fabric of the apparel
item covers the second surface of the TEM after it is mated
with the aperture of the dimensionally stable frame. This
may promote removal of heat from the TEM as explained
more fully below.

[0036] Aspects herein further contemplate a thermoelec-
tric module array (a TEM array). In exemplary aspects, the
TEM array may comprise two or more TEMs that are
physically and electrically coupled using a flexible substrate
to which an electronic circuit is applied. A power supply unit
may also be physically and electrically coupled to the TEMs
using the flexible substrate. In exemplary aspects, the flex-
ible substrate may comprise an electrically insulating poly-
imide film such as Kapton®. In one exemplary aspect, the
TEM array may comprise six TEMs that are arranged
radially around a seventh TEM to form a spoke-and-hub
pattern. The polyimide film connects each of the six TEMs
to the seventh TEM and may further connect the TEMs to a
power supply unit such as a battery. This is just one
exemplary pattern, and additional patterns are contemplated
herein such as TEMs arranged in a linear pattern, a staggered
pattern, an auxetic pattern, and the like. The TEM array
described herein may comprise additional components such
as temperature sensors for detecting the surface temperature
of a wearer’s skin, microprocessors and controllers for
cycling the TEMs from an off state to an on state, and the
like.

[0037] Additionally, aspects herein are directed to an
apparel thermo-regulatory system comprising an apparel
item, the dimensionally stable frame described above, and
the TEM array previously described. In exemplary aspects,
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the apparel item may be formed of a wicking material. An
exemplary wicking material may comprise Dri-FIT® by
Nike, Inc. These types of materials typically wick moisture
from an inner-facing surface of the material to an outer-
facing surface of the material where it can evaporate.
Continuing, the dimensionally stable frame may be applied
to the outer-facing surface of the apparel item at one or more
predetermined locations. In one exemplary aspect, the pre-
determined locations may correspond to high heat and/or
sweat-producing areas of the human body as indicated by,
for example, heat and sweat maps.

[0038] Continuing, the TEM array or other type of device
array may be positioned adjacent to an inner-facing surface
of the apparel item at the one or more predetermined
locations, and the array may be releasably mated to the
dimensionally stable frame. When used for cooling, the first
planar surface of the base portion of each TEM comprises
the “cold” side of the TEM and the second planar surface of
the flange portion comprises the “hot” side of the TEM.
When the apparel item is in an as-worn configuration, the
cold side of each of the TEMs may be positioned adjacent
to a skin surface of the wearer, and the hot side of each of
the TEMs may be positioned opposite the skin surface of the
wearer. When used for heating, the polarity of the opposing
surfaces may be reversed such that the first planar surface of
the base portion comprises the “hot” side of the TEM and the
second planar surface of the flange portion comprises the
“cold” side of the TEM. Further, when used for recovery, the
polarity of the opposing surfaces may be cycled according to
a duty cycle such that, for example, the first planar surface
alternates between a “cold” side and a “hot” side. Any and
all aspects, and any variation thereof, are contemplated as
being within aspects herein. Contact of the first planar
surface of the base portion of each of the TEMs with the
wearer’s skin surface may be facilitated by forming the
apparel item with a high degree of elasticity so that the
apparel item conforms closely to the wearer’s body surfaces
(i.e., the apparel item may comprise a compression or base
layer).

[0039] Once the wearer begins exercising or performing
his or her job duties, the wearer’s body temperature may
rise. Further, the wearer may begin sweating. Due to the
apparel item being formed of, for example, a wicking
material, the sweat may be transported from a skin-facing
side of the apparel item to an outer-facing side of the apparel
item. The sweat may then pass through the dimensionally
stable frame via the perforations where it is then absorbed by
the absorbent material present on the second surface of the
frame. A continued rise in the wearer’s body temperature
may trigger the TEMs to start cycling on and off to help cool
the wearer. As described, to improve the efficiency of the
TEMs, the heat produced at the hot side of the TEM should
be removed. This is accomplished via, for example, evapo-
rative cooling facilitated by the release of the perspiration
stored in the absorbent material surrounding the TEMs as
well as by the release of perspiration stored in the fabric of
the apparel item that covers the hot side of the TEMs after
they are releasably mated to the dimensionally stable frame.
For instance, because the fabric is a wicking fabric, it may
help to transport the perspiration collected in the absorbent
material surrounding the TEMs to the hot side of the TEMs.
Evaporation of the sweat from the absorbent material sur-
rounding the TEMs and from the fabric positioned adjacent
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to the hot side of the TEMs helps to transfer heat from the
hot side of the TEMs to the ambient environment.

[0040] Accordingly, aspects herein disclose an attachment
structure for attaching at least one device to an apparel item.
The attachment structure comprises a dimensionally stable
frame having a first surface and a second surface opposite
the first surface, where the dimensionally stable frame
having at least one aperture operable to receive the device,
and where the first surface of the dimensionally stable frame
is affixed to a first surface of the apparel item. The attach-
ment structure further comprises an absorbent material
applied to the second surface of the dimensionally stable
frame.

[0041] In another aspect, an attachment structure for
attaching a plurality of devices to an apparel item is pro-
vided. The attachment structure comprises a dimensionally
stable frame having a first surface and a second surface
opposite the first surface, where the dimensionally stable
frame comprises a plurality of apertures, each aperture
operable to receive a device. The first surface of the dimen-
sionally stable frame is affixed to a first surface of the
apparel item.

[0042] In yet another aspect, an apparel item having an
attachment structure for attaching at least one device to the
apparel item is provided. The apparel item comprises a
flexible material that forms the apparel item, where the
flexible material forms an outer-facing surface and an inner-
facing surface of the apparel item. The apparel item further
comprises a dimensionally stable frame formed of an absor-
bent material, where the dimensionally stable frame has a
first surface and a second surface opposite the first surface.
The first surface of the dimensionally stable frame is affixed
to the outer-facing surface of the apparel item at a prede-
termined location on the apparel item, and the dimensionally
stable frame comprises at least one aperture operable to
receive the device.

[0043] Continuing, another aspect herein provides for an
apparel thermo-regulatory system. The apparel thermo-regu-
latory system comprises 1) an apparel item formed from a
flexible material where the apparel item has an outer-facing
surface and an inner-facing surface; 2) a dimensionally
stable frame having a first surface and a second surface
opposite the first surface, where the dimensionally stable
frame comprises at least one aperture, and where the first
surface of the dimensionally stable frame is affixed to the
outer-facing surface of the apparel item at a predetermined
location; 3) an absorbent material applied to the second
surface of the dimensionally stable frame; and 4) at least one
thermoelectric module having a first surface and a second
surface opposite the first surface, where the first surface of
the thermoelectric module is positioned adjacent to the
inner-facing surface of the apparel item and is releasably
positioned within the aperture of the dimensionally stable
frame.

[0044] An additional aspect herein provides for a thermo-
electric module array comprising a plurality of thermoelec-
tric modules, each having a first surface and a second surface
opposite the first surface. The thermoelectric module array
further comprises a flexible substrate having an electronic
circuit applied thereto, wherein the flexible substrate is
physically and electrically coupled to each of the plurality of
thermoelectric modules.

[0045] Another aspect described herein provides a ther-
moelectric module array comprising a plurality of thermo-



US 2018/0110266 Al

electric modules, each having a first surface and a second
surface opposite the first surface. The thermoelectric module
array further comprises a flexible substrate physically and
electrically coupled to each of the plurality of thermoelectric
modules; the flexible substrate comprising an electrically
insulating layer having an electronic circuit applied thereto.
[0046] An additional aspect provides for an apparel
thermo-regulatory system comprising an apparel item
formed from a flexible material and having an outer-facing
surface and an inner-facing surface. The apparel thermo-
regulatory system further comprises a thermoelectric mod-
ule array positioned adjacent to the inner-facing surface of
the apparel item and releasably coupled thereto, where the
thermoelectric module array comprises: 1) a plurality of
thermoelectric modules, each having a first surface and a
second surface opposite the first surface; 2) a flexible
substrate having an electronic circuit applied thereto,
wherein the flexible substrate is physically and electrically
coupled to each of the plurality of thermoelectric modules;
and 3) a power supply unit electrically coupled to the
flexible substrate.

[0047] As used throughout this disclosure, positional
terms used when describing, for instance, an apparel item,
such as “anterior,” “posterior,” “inferior,” “superior,” “lat-
eral,” “medial,” “inner-facing surface,” “outer-facing sur-
face,” and the like are to be given their common meaning
with respect to the apparel item being worn as intended by
a hypothetical wearer standing in anatomical position.
Unless indicated otherwise, terms such as “affixed,”
“coupled,” “secured,” and the like may mean releasably
affixing two or more elements together using for instance,
structural differences between the elements, releasable adhe-
sives, snaps, buttons, hook-and-loop fasteners, and the like.
These terms may also mean permanently affixing two or
more elements together using, for example, stitching, bond-
ing, adhesives, welding, and the like. Unless indicated
otherwise, terms such as “proximate” may mean within 0.5
cm to 30 cm of a designated reference point.

[0048] Dimensionally Stable Frame

[0049] Turning now to FIG. 1, a perspective view of a
portion of a textile layer having an exemplary attachment
structure is illustrated in accordance with aspects herein and
is referenced generally by the numeral 100. In exemplary
aspects, the attachment structure may be used to attach one
or more rigid-type devices to the textile. As used throughout
this disclosure, the term “devices” is meant to encompass
devices such as TEMs, radio-frequency identification
(RFID) tags, electronic devices such as physiological sen-
sors (heart rate sensors, temperature sensors, respiratory
sensors, sweat sensors, and the like), global positioning
system (GPS) devices, monitoring devices, power supply
units (e.g., batteries) or energy storage devices, lighting
devices (e.g., electric light devices having light sources such
as LEDs), and the like.

[0050] FIG. 1 depicts the textile layer 110 and an attach-
ment structure in the form of a dimensionally stable frame
112. The textile layer 110 may be incorporated into an
apparel item and, as such, may generally comprise a flexible
material such as a knit or woven material. In an exemplary
aspect, the textile layer 110 may comprise a wicking fabric
configured to transport moisture from one surface of the
textile layer 110 to a second opposite surface of the textile
layer 110 using for instance, capillary action, denier differ-
ential mechanism, and the like.
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[0051] The frame 112 is formed of a flexible but dimen-
sionally stable material. In one exemplary aspect, the frame
112 may comprise a thermoplastic polyurethane (TPU) film
that may be optionally perforated onto which an optional
absorbent material may be applied. Other materials for the
dimensionally stable frame 112 are contemplated herein
such as a polyurethane film, a plastic film, a non-woven
material, a polystyrene film, a rubber film, a silicone film, a
spandex material, and the like. In exemplary aspects, the
frame 112 may have a minimum thickness of 100 microm-
eters. In exemplary aspects, the frame 112 may have a
thickness of around 0.5 millimeters although thicknesses
greater than this are contemplated herein.

[0052] In exemplary aspects, the absorbent material may
comprise a hydrogel, a non-woven material such as a spacer
mesh or a felt material, a knit pile material, a cellulosic or
fiber-based product such as a sponge material, a superab-
sorbent polymer (SAP), combinations of these materials
such as a hydrogel mixed with fibers, and the like. In
exemplary aspects, the absorbent material is configured to
absorb water and/or sweat equal to at least five times its own
volume. Moreover, the absorbent material may be selected
such that it releases water (either continuously or intermit-
tently). The absorbent material is shown in more detail in
FIG. 2. In another exemplary aspect, the frame 112 may be
formed from a dimensionally stable absorbent material
without a TPU film layer. This is shown in more detail in
FIG. 3. Examples of a dimensionally stable absorbent mate-
rial may comprise, for instance, a non-woven material such
as a spacer mesh or a felt material although other dimen-
sionally stable absorbent materials are contemplated herein.
[0053] The frame 112 comprises a first surface (not
shown) that is integrated into the textile layer 110 by being
affixed to a first surface 114 of the textile layer 110. When
incorporated into an apparel item, the first surface 114 of the
textile layer 110 would form an outer-facing surface of the
apparel item. The frame 112 further comprises a second
surface 116. A plurality of apertures 118 each defined by an
aperture edge 119 extend through the frame 112 but not
through the textile layer 110 thus helping to maintain the
structural integrity of the textile layer 110. Although the
apertures 118 are shown as circular, it is contemplated herein
that they may assume different shapes depending on the
shape of the device that will be inserted into the apertures
118. For instance, if the device has a triangular profile, then
the apertures 118 may have a triangular shape. Any and all
aspects, and any variation thereof, are contemplated as being
within aspects herein.

[0054] Continuing, as shown in FIG. 1, an exemplary
pattern of apertures 118 may comprise six apertures 118
radially arranged around a seventh, central aperture 118 in a
spoke-and-hub pattern. This is exemplary only, and it is
contemplated herein that the apertures 118 may be arranged
in a different pattern (e.g., a linear pattern, a staggered
pattern, an auxetic pattern, and the like) and/or may com-
prise fewer or greater than seven apertures. Any and all
aspects, and any variation thereof, are contemplated as being
within aspects herein. Each aperture 118 may have a diam-
eter 122 between 23.0 mm and 26.0 mm, between 23.3 mm
and 25. 6 mm, and/or between 23.6 mm and 25.6 mm,
although diameters above and below these values are con-
templated herein.

[0055] FIG. 2 illustrates an exploded view of one exem-
plary configuration of the attachment structure in accordance
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with aspects herein and is referenced generally by the
numeral 200. FIG. 2 depicts a textile layer 210, a dimen-
sionally stable frame 212, and an absorbent material 218.
The textile layer 210 may comprise the textile layer 110 of
FIG. 1. The dimensionally stable frame 212 may be formed
from, for instance, a flexible TPU or PU film. In exemplary
aspects, the frame 212 comprises a plurality of perforations
214 extending therethrough and apertures 216 extending
therethrough. The apertures 216 may comprise the apertures
118 of FIG. 1. The perforations 214 are smaller in size than
the apertures 216 and may have diameters between, for
instance, 1.0 mm and 5.0 mm. The perforations 214, as will
be described below, may help perspiration or moisture
present on the textile layer 110 to travel through the frame
212 to the absorbent material 218.

[0056] With respect to the absorbent material 218, in
instances where the absorbent material 218 exhibits some
type of dimensional stability such as when the absorbent
material comprises a knit pile or a non-woven structure (e.g.,
spacer mesh, felt), apertures 220 may be formed in the
absorbent material 218 or the absorbent material 218 may be
formed to comprise the apertures 220. However, in those
instances where the absorbent material 218 comprises, for
instance, a hydrogel or a SAP that may lack dimensional
stability, the absorbent material 218 may not comprise a
separate layer having apertures 220, and instead, the absor-
bent material 218 may be directly applied to the frame 212.
[0057] When the attachment structure is assembled, the
frame 212 is applied to the surface of the textile layer 210
using for instance, a breathable adhesive, a discontinuous
adhesive film (i.e., a film having one or more openings), an
adhesive applied in a dot pattern, spot welding, and/or
stitching or bonding along the perimeter of each so as not to
occlude the perforations 214 and so as not to impede the
passage of sweat or moisture from the textile layer 210 to the
absorbent material 218. In some instances, the frame 212
may be permanently affixed to the textile layer 210, and in
other instances it is contemplated that the frame 212 may be
releasably affixed to the textile layer 210.

[0058] Continuing, when the absorbent material 218
exhibits dimensional stability, the absorbent material 218
may be permanently or releasably secured to the frame 212
such that the apertures 220 of the absorbent material 218
axially align with the apertures 216 of the frame 212.
Securing the absorbent material 218 to the frame 212 may be
through a breathable adhesive, a discontinuous adhesive
film, an adhesive applied in a dot pattern, spot welding,
and/or stitching or bonding along the perimeter of each so as
not to occlude the perforations 214 and impede the passage
of sweat or moisture from the textile layer 210 to the
absorbent material 218. In those instances, where the absor-
bent material 218 is not dimensionally stable, the absorbent
material 218 may be applied to the frame 212 via, for
instance, a printing process, a spraying process, a transfer
process, a manual application process, and the like.

[0059] FIG. 3 depicts an exploded view of another exem-
plary configuration for an attachment structure in accor-
dance with aspects herein and is referenced generally by the
numeral 300. The configuration comprises a textile layer 310
which may comprise the textile layer 110 of FIG. 1, and a
dimensionally stable frame formed of a dimensionally stable
absorbent material 312 such as, for example, a knit pile, a
felt, a spacer mesh, other non-woven materials, and the like.
Apertures 314, such as the apertures 118, may be formed
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through the absorbent material 312 or the absorbent material
312 may be pre-formed to comprise apertures 314.

[0060] When assembled, the dimensionally stable absor-
bent material 312 is permanently or releasably applied to the
textile layer 310 using, for example, a breathable adhesive,
a discontinuous adhesive film, an adhesive applied in a dot
pattern, spot welding, and/or stitching or bonding along the
perimeter of each so as to permit the free passage of sweat
or moisture on the textile layer 310 to the dimensionally
stable absorbent material 312.

[0061] FIGS. 4A, 4B, and 5 depict yet another alternative
configuration for the attachment structure in accordance
with aspects herein. In some exemplary aspects an absorbent
material such as a hydrogel, a hydrogel mixed with fibers, or
a SAP may be directly applied to a textile using for instance,
a screen printing process, a 3-dimensional printing process,
atransfer process, and the like. For instance, FIG. 4A depicts
a first surface of a textile 400 to which an absorbent material
410 has been applied in an exemplary pattern. In exemplary
aspects, the first surface of the textile 400 may comprise an
outer-facing surface of an apparel item when the textile 400
is used to form the apparel item. The pattern shown in FIG.
4A may comprise lines 412 of absorbent material 410 which
are thinner at the ends and thicker in the middle. In other
words, the volume or quantity of absorbent material 410
may be greater at the middle of the lines 412 as compared
to the ends of the lines 412. As shown in FIG. 4A, the lines
412 may be clustered into groups such as line groups 4124,
4125, and 412¢. Alternatively, the lines 412 may not be
clustered into groups and, instead, may be uniformly dis-
tributed on the textile 400. When the textile 400 is incor-
porated into an apparel thermo-regulatory system, the hot
side of a first TEM may be positioned adjacent to the line
group 412a, a hot side of a second TEM may be positioned
adjacent to the line group 412b, and a hot side of a third
TEM may be positioned adjacent to the line group 412¢. In
each case, the hot side of the TEM may be positioned
adjacent to the middle of the lines 412 such that the greatest
volume of absorbent material 410 is positioned adjacent to
the hot side of the TEM. With respect to the alternative
configuration in which the lines 412 are uniformly distrib-
uted on the textile 400, one or more TEMs may be posi-
tioned such that the greatest volume of absorbent material
410 is positioned adjacent to the hot side of the TEMs.

[0062] Another exemplary absorbent material pattern is
depicted in FIG. 4B in accordance with aspects herein. FIG.
4B depicts a textile 450 to which an absorbent material 452
has been applied in an exemplary pattern. The pattern in this
case comprises a series of intersecting lines clustered into
groups such as group 454, group 456, group 458, and group
460. Similar to the pattern shown in FIG. 4A, the lines are
generally thinner at each end and thicker in the middle.
Because of the intersecting nature of the lines, the greatest
volume or quantity of absorbent material 452 may be found
at the center of each group 454, 456, 458, and 460. Alter-
natively, instead of being clustered into groups, the inter-
secting lines may be distributed across the textile 450 with
the greatest volume or quantity of the absorbent material 452
localized generally in the center of the interesting lines.
When the textile 450 is incorporated into an apparel thermo-
regulatory system, the hot side of a first TEM may be
positioned adjacent to the group 454, a hot side of a second
TEM may be positioned adjacent to the group 456, a hot side
of a third TEM may be positioned adjacent to the group 458,
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and a hot side of a fourth TEM may be positioned adjacent
to the group 460. In each case, the hot side of the TEM may
be positioned adjacent to the greatest volume of absorbent
material 452 in each group 454, 456, 458, and 460. With
respect to the alternative configuration in which the inter-
secting lines are uniformly distributed on the textile 450, one
or more TEMs may be positioned such that the greatest
volume of absorbent material 452 is positioned adjacent to
the hot side of the TEMs.

[0063] The absorbent material patterns shown in FIGS. 4A
and 4B are exemplary only and other patterns are contem-
plated herein. Additionally, the number of absorbent mate-
rial groupings shown in these figures is exemplary only and
a fewer or greater number of groupings is contemplated
herein. Each of the absorbent material patterns contemplated
herein generally comprise an area with a smaller volume of
absorbent material that is contiguous with an area having a
greater volume of absorbent material. The areas with a
smaller amount of absorbent material may help to channel
moisture or sweat to the areas with the greater volume of
absorbent material where the moisture or sweat is concen-
trated and subsequently released.

[0064] FIG. 5, referenced generally by the numeral 500, is
provided to illustrate how the absorbent material patterns
depicted in, for instance, FIGS. 4A and 4B may be utilized
in association with an attachment structure for attaching
TEMs to a flexible material. More specifically, FIG. 5
depicts a textile layer 510 and an absorbent material 512
applied to a first surface of the textile layer 510. As shown
in FIGS. 4A and 4B, the absorbent material 512 may be
thinner or have less volume at the periphery of the pattern
and be thicker or have more volume at the central portion of
the pattern as indicated by the reference numeral 513. A
dimensionally stable frame 514 having an aperture 515
defined by aperture edges 516 may be applied to the first
surface of the textile layer 510 such that the aperture 515 is
positioned over the central portion 513 of the absorbent
material pattern (the portion having the greatest volume of
absorbent material). When a TEM is positioned adjacent to
the second surface of the textile layer 510 and releasably
mated to the frame 514, the hot side of the TEM would be
positioned adjacent to the central portion 513 of the absor-
bent material pattern.

[0065] Aspects herein further contemplate using hydro-
phobic treatments applied to a textile to help drive moisture
to a desired location. For example, with respect to FIG. 4A,
the textile 400 may be formed of a moisture-wicking mate-
rial and a hydrophobic treatment may be applied to the
textile 400. In FIG. 4A, the hydrophobic treatment may be
represented by the white areas shown between the black
lines 412. In this instance, instead of the lines 412 repre-
senting an applied absorbent material 410, they may repre-
sent the underlying moisture-wicking textile 400. Or, alter-
natively, the lines 412 may still represent the applied
absorbent material 410. In either instance, the use of the
hydrophobic treatment may help to drive or channel mois-
ture to the lines 412 further facilitating the collection of
sweat or water at the central portion of the lines 412.
[0066] FIG. 6 depicts an additional exemplary configura-
tion for an attachment structure in accordance with aspects
herein and is referenced generally by the numeral 600. FIG.
6 depicts a textile layer 610 to which a flexible, dimension-
ally stable frame 612 comprising a single aperture 614
defined by apertures edges 616 is applied. The dimension-
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ally stable frame 612 may comprise an absorbent material,
or an absorbent material may be applied to the frame 612.
The aperture 614 may have diameter 618 sized to receive a
larger device such as a larger TEM than those described in
relation to, for instance, FIGS. 1-3. In exemplary aspects, the
aperture diameter 618 may be between 3.0 to 8.0 cm, 4.0 to
7.0 cm, and/or between 3.0 to 5.0 cm, although diameters
above and below these values are contemplated herein.
Similar to the configurations described above, the diameter
618 of the aperture 614 may be intermediate between that of
the base portion of the larger device and the flange portion
of the larger device.

[0067] In one exemplary aspect, instead of using a dimen-
sionally stable frame such as those described above, portions
of the textile itself may be manipulated to form mating
structures designed to receive devices such as TEMs. This
aspect is shown in FIGS. 16A and 16B which respectively
depict perspective views of a first and second opposing
surface of a flexible textile 1600 adapted to receive one or
more devices such as TEMs. For instance, FIG. 16 A depicts
a first surface 1610 of the textile 1600. Mating structures
1614 are shown as depressions or offsets in the negative
z-direction from the first surface 1610 of the textile 1600.
The mating structures 1614 are arranged in a pattern similar
to that shown for the dimensionally stable frame 112 of FIG.
1 although other patterns are contemplated herein. FIG. 16B
depicts a second surface 1612 of the textile 1600. In FIG.
16B, the mating structures 1614 are shown as projections or
offsets in the positive z-direction from the second surface
1612 of the textile 1600. The projections are complementary
to the depressions shown in FIG. 16 A. When the textile 1600
is incorporated into an apparel item, the depressions shown
in FIG. 16A would be on the inner-facing surface of the
apparel item, and the projections shown in FIG. 16B would
be on the outer-facing surface of the apparel item. The
number and pattern of the mating structures 1614 shown in
FIGS. 16A and 16B are exemplary only, and it is contem-
plated herein that other patterns and numbers of mating
structures 1614 may be used.

[0068] The mating structures 1614 may be formed by
manipulating a knit or weave pattern used to form the textile
1600. The mating structures 1614 may also be created by
modifying the type of yarn used to create the textile 1600.
For instance a thermosetting yarn may be used such as a
thermoplastic polyurethane yarn. A heat molding process
may then be used to create the mating structures 1614. In
use, the hot side of the TEMs may be positioned within the
depressions shown in FIG. 16A. In this instance, the diam-
eter of the TEMs may be slightly greater than the diameter
of the mating structures 1614 thus ensuring that the TEMs
are retained within the mating structures 1614 once inserted.
It is further contemplated herein, that an absorbent material
such as a hydrogel or a SAP may be applied to the second
surface 1612 of the textile 1600 adjacent to and/or posi-
tioned on the projections of the mating structures 1614.

[0069] The use a flexible, dimensionally stable frame
applied to a flexible textile as described herein enables
devices, such as TEMs to be easily applied to the textile.
Moreover, because of its flexible characteristics as well as its
light weight, the dimensionally stable frame may be easily
integrated into an apparel item without significantly com-
promising the weight, pliability, and/or functional charac-
teristics of the apparel item. By applying an absorbent
material to the dimensionally stable frame, or by forming the
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frame from a dimensionally stable absorbent material, such
that moisture or sweat is concentrated and released in the
areas around the hot side of the TEMs, the frame can play
an important role in removing heat from the TEMs thereby
improving their efficiency

[0070] Thermoelectric Module Array

[0071] Aspects herein further contemplate a thermoelec-
tric module array (TEM array) that can be used as part of an
apparel thermo-regulatory system for heating or cooling a
wearer. An exemplary TEM array is shown in FIG. 7 and is
referenced generally by the numeral 700. In one exemplary
configuration, the TEM array 700 comprises device 710,
device 712, device 714, device 716, device 718, device 720,
and device 722. Each of the devices 712, 714, 716, 718, 720,
and 722 may be physically and electrically connected to
each other using an electrically insulating film 726 and a
flexible electronic circuit 728. Exemplary films may com-
prise, for example, a polyimide film such as Kapton®, a
conductive polyester, a polyether ether ketone (PEEK) and
the like. In exemplary aspects, the film 726 may be config-
ured to exhibit stretch characteristics (e.g., two-way stretch
and/or four-way stretch). In other words, the film 726,
besides being electrically insulating, may be elastomeric. In
exemplary aspects, the electronic circuit 728 may be formed
on the film 726 using printing and/or photolithographic
technology. In another example, the electronic circuit 728
may comprise flexible flat cables (FFCs) that are laminated
between layers of the film 726. In one exemplary aspect, the
film 726 and the electronic circuit 728 may be physically and
electrically coupled to a power supply unit 730 such as a
battery unit that is located approximately 4.0 to 8.0 cm from
the device 716. The power supply unit 730 may be bi-polar
such that it is capable of both heating and cooling.

[0072] Inexemplary aspects, each of the devices 710, 712,
714,716,718, 720, and 722 may comprise a TEM. However,
it is also contemplated herein that one or more of the devices
710, 712, 714, 716, 718, 720, or 722 may comprise a power
supply unit such as a battery. It is further contemplated
herein that one or more of the devices 710, 712, 714, 716,
718, 720, or 722 may comprise a sensor such as a tempera-
ture sensor used to detect the temperature of the wearer’s
skin and/or the temperature of the ambient air. As well, one
or more of the devices 710, 712, 714, 716, 718, 720, or 722
may comprise a microprocessor. In some instances, the
temperature sensor, microprocessor, and/or power supply
unit may be integrated within a TEM.

[0073] With respect to the use of microprocessors, the
microprocessor may be programmed, for example, to change
the polarity of the TEMs such that the cold side of the TEM
becomes the hot side and vice versa. The microprocessor
may also be programmed to, for instance, cycle the TEM
array 700 from an on state to an off state and vice versa
based on a duty cycle, based on an input received from a
user, and/or based on a temperature detected by the tem-
perature sensor. The microprocessor may additionally be
programmed to modulate the amount of current and/or
voltage supplied to the TEM array 700 to achieve a pre-
defined temperature or temperature range for the hot side or
the cold side of the TEM. In one exemplary aspect, the
microprocessor may be adapted to communicate with a
mobile application via, for instance, Bluetooth®, near-field
communication, or other wireless technologies. As such, the
microprocessor may be programmed via the mobile appli-
cation. As well, in an exemplary aspect, the microprocessor
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may be adapted to communicate with TEMs in the array 700
using Bluetooth®, near-field communication, or other wire-
less technologies, although wired communication is also
contemplated herein.

[0074] Continuing, in one example, the microprocessor
may be programmed to maintain the cool side of each TEM
between 10° C. and 20° C. when the TEMs are used for
cooling. When used for heating, the microprocessor may be
programmed to maintain the hot side of each TEM between
30° C. and 45° C. in exemplary aspects. Further, the micro-
processor may be programmed to alter the polarity of the
TEMs in order to cycle one side of the TEM from a cold
state to a hot state to promote recovery from, for example,
exercise. It is contemplated herein that the microprocessor
may be programmed to selectively activate one or more
TEMs in the array. For example, a first and second TEM may
be activated but not a third and fourth TEM. Other selective
activation scenarios are contemplated herein.

[0075] An additional programming aspect contemplated
herein is the ability to program maximum and/or minimum
temperature limits that, when triggered cause the micropro-
cessor to turn off the TEM array 700 entirely or to turn off
one or more TEMs in the array 700 to promote wearer safety.
For example, a maximum temperature of 50° C. may be set
for the hot side of the TEM (i.e., the side exposed to the
ambient air) to avoid overheating the TEM. And a maximum
temperature of 40° C. may be set for the cold side of the
TEM to avoid burning the wearer’s skin. A minimum
temperature of, for instance, 5° C. may be set for the cold
side of the TEM to avoid freezing the wearer’s skin. Another
safety measure contemplated herein is to limit the maximum
voltage of each TEM to less than 12 V to prevent inadvertent
electrical shock.

[0076] When incorporated as part of an apparel thermo-
regulatory system, multiple TEM arrays may be used on an
apparel item to provide heating and/or cooling zones to
different areas of the apparel item. With respect to this
aspect, each TEM array may comprise its own micropro-
cessor and/or sensor. Thus, each array may be independently
adjustable to provide customized heating or cooling to
different areas of the apparel item.

[0077] When configured as a TEM, each device 710, 712,
714, 716, 718, 720, and 722 may comprise, for instance, a
cold side plate, a thermoelectric chip (TEC), an insulating
ring, and a hot side plate. This is shown in FIG. 9 which
depicts an exploded view of an exemplary TEM 900. As
shown in FIG. 9, the TEM 900 may comprise a cold side
plate 910 formed from, for instance, anodized aluminum, a
sealed TEC 912, an insulating ring 914 formed from, for
instance, a closed cell foam material, and a hot side plate 916
formed from, for example, anodized aluminum.

[0078] Use of an anodized aluminum on the cold side plate
910 and the hot side plate 916 of the TEM 900 acts as a
secondary electrical insulation barrier between the TEC 912
and a wearer’s body. The TEC 912 is coated with an
electrically insulating material to prevent direct electrical
contact with other elements of the TEM 900. The electrically
insulating material encasing the TEC 912 also serves as a
moisture barrier. The top and bottom plates of the TEC 912
may comprise an electrically insulating alumina ceramic
which helps to insulate the top and bottom plates of the TEC
912 from other elements in the TEC 912. Although not
shown, any lead wires that connect to the TEM 900 may also
be insulated. Additionally, the insulating ring 914 not only
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provides support from mechanical impact but helps to
insulate the hot side plate 916 from the cold side plate 910.
It also helps to prevent moisture from entering the TEM 900.
[0079] The different components described above may be
assembled by seating the TEC 912 on the cold side plate 910
and bonding the hot side plate 916 to the cold side plate 910
via the insulating ring 914 using, for instance, an epoxy.
Once assembled, the TEM 900 may be sealed to further
reduce the risk of moisture entering the TEM 900.

[0080] A description of the external structure of each of
the devices 710, 712, 714, 716, 718, 720, and 722 is
provided with reference to FIGS. 8A and 8B. FIG. 8A
depicts a side view of an exemplary device 800 such as a
TEM, and FIG. 8B depicts a top view of the device 800 in
accordance with aspects herein. In exemplary aspects, the
device 800 comprises a cylindrical base portion 810 having
a first planar surface 812, and a cylindrical flange portion
814 that is contiguous with and radially extends from the
cylindrical base portion 810. The flange portion 814 com-
prises a generally planar second surface 816 opposite the
first surface 812. In exemplary aspects, the first surface 812
comprises the cold side of the device 800 when configured
as a TEM and the second surface 816 comprises the hot side
of the device 800 when configured as a TEM.

[0081] In exemplary aspects, the cylindrical base portion
810 may have a diameter 818 between 21.0 mm and 23.0
mm, 22.0 mm and 23.0 mm, 22.4 mm and 22.8 mm, and/or
between 22.5 mm and 22.7 mm, although diameters above
and below these values are contemplated herein. As seen in
FIG. 8B, the flange portion 814 may have a diameter 820
between 27.0 mm and 29.0 mm, 28.0 mm and 29.0 mm, 28.4
mm and 28.8 mm, and/or between 28.5 mm and 28.7 mm,
although diameters above and below these values are con-
templated herein. In general, the diameter 820 of the flange
portion 814 may be approximately 6.0 mm greater than the
diameter 818 of the base portion 810. To put it another way,
the flange portion 814 may radially extend from the cylin-
drical base portion 810 by approximately 3.0 mm as indi-
cated by reference numeral 824 in FIG. 8B to form a lip 822
shown in FIG. 8A.

[0082] Additional exemplary shape configurations and
structures are contemplated for the devices 710, 712, 714,
716, 718, 720, and 722. For example, as shown in FIG. 17A,
the second surface 816 of the flange portion 814 may formed
to have a series of protuberances 1710 and grooves 1712 to
increase its surface area. By increasing the surface area of
the second surface 816 (i.e., the hot side of the TEM), the
area through which heat may be dissipated from the TEM
may be increased further facilitating the efficiency of the
TEM.

[0083] Additional shape configurations for the devices
710, 712, 714, 716, 718, 720, and 722 are shown in FIGS.
17B and 17C in accordance with aspects herein. For
instance, FIG. 17B illustrates a top view of a TEM 1720
which illustrates a triangular shape for the TEM 1720. More
specifically, the flange portion 1722 of the TEM 1720 has a
triangular shape as well as the base portion 1724 of the TEM
1720 (shown by the dashed line). Similar to the device 800
described above, the flange portion 1722 may extend past
the base portion 1724 to form a lip useable for securing the
TEM 1720 within a similarly shaped aperture of a dimen-
sionally stable frame. FIG. 17C illustrates a top view of a
TEM 1740 which illustrates a square shape for the TEM
1740. More specifically, the flange portion 1742 of the TEM
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1740 has a square shape as well as the base portion 1744 of
the TEM 1740 (shown by the dashed line). Similar to the
TEM 1720 described above, the flange portion 1742 may
extend past the base portion 1744 to form a lip useable for
securing the TEM 1740 within a similarly shaped aperture of
a dimensionally stable frame. Other shapes are contemplated
herein for the TEMs.

[0084] In exemplary aspects, the shape of a TEM may be
chosen to preserve the flexibility, drapability, and/or pliabil-
ity of an apparel item which incorporates the TEM as part of
athermo-regulatory system. For example, by configuring the
TEMs to have a triangular shape, a greater number of flexion
points between adjacent TEMs may be achieved as com-
pared to, for example, utilizing square-shaped TEMs. This in
turn, may help to maintain the pliability of the apparel item.
[0085] The device arrays described herein may assume a
number of different patterns or configurations. For instance,
with respect to FIG. 7, the devices 710, 712, 714, 716, 718,
and 720 are radially arranged around the device 722, where
the device 722 is located centrally between the other devices
710, 712, 714, 716, 718, and 720 to form a spoke-and-hub
pattern. The use of between, for instance, five to seven
TEMs arranged in a radial pattern provides for an adequate
cooling or heating area when incorporated into an apparel
item without significantly compromising the flexibility,
drapability, and/or functional characteristics of the apparel
item. To provide for an adequate cooling or heating area
without having a large footprint, adjacent devices in the
array 700 may have a center-to-center offset 724 of between
2.5 cmto 4.0 cm, 3.0 cm to 3.8 cm, and/or between 3.4 cm
and 3.6 cm although the center-to-center offset 724 may be
greater than or lesser than these values.

[0086] As mentioned, it is contemplated herein that device
arrays may assume other patterns such as a linear pattern, a
staggered pattern, an auxetic pattern, and the like. For
example, FIG. 18A depicts an array 1800 comprising
devices 1810, 1812, 1814, and 1816 arranged in a linear
pattern in accordance with aspects herein. The devices 1810,
1812, 1814, and 1816 may be physically and electrically
coupled using an electrically insulating film 1818. FIG. 18B
depicts an array 1850 comprising devices 1852, 1854, 1856,
and 1858 arranged in a staggered linear pattern in accor-
dance with aspects herein. The devices 1852, 1854, 1856,
and 1858 may be physically and electrically coupled using
an electrically insulating film 1860.

[0087] Continuing, FIG. 18C depicts an array 1880 of
devices 1882 configured in an auxetic pattern in accordance
with aspects herein. The devices 1882 are located adjacent
to each other and are interconnected by a series of spokes
1884. In exemplary aspects, each spoke 1884 may be
hingedly attached to a respective device 1882 (as indicated
by reference numeral 1886) such that the device 1882 can
rotate or pivot in relation to the attachment point of the
spoke 1884. In exemplary aspects, the rotation or pivoting of
the device 1882 relative to the attachment point of the spoke
1884 occurs in the same plane as the spoke 1884. Depending
on the particular spoke configuration, each device 1882 may
be connected to up to three to six adjacent devices 1882. In
exemplary aspects, the spokes 1884 may comprise an elec-
trically insulating material such as the film 726 of FIG. 7,
having or containing a flexible electronic circuit, such as the
circuit 728 of FIG. 7. Thus, besides forming a hinged
attachment between the devices 1882, the spokes 1884 may
also act to electrically interconnect the devices 1882. How-
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ever, it is also contemplated herein that the devices 1882
may be electrically connected through other means besides
the spokes 1884. Any and all aspects, and any variation
thereof, are contemplated as being within aspects herein.
[0088] Continuing, the use of the hingedly attached spokes
1884 enables the array 1880 to assume an auxetic pattern
(i.e., a pattern or structure that exhibits a negative Possion’s
ratio that causes the pattern to become thicker in a direction
perpendicular to an applied force). For example, as shown in
FIG. 18D, a force is applied to the array 1880 as indicated
by the arrows 1888. The array 1880 becomes wider in a
direction perpendicular to the applied force 1888 due to the
devices 1882 pivoting relative to the spokes 1884. The use
of an array exhibiting an auxetic pattern, such as the array
1880, may help to increase the flexibility and/or drapability
of the array 1880 such that it more easily conforms to a
wearer’s surface morphology when incorporated into an
apparel item.

[0089] Selection of a particular device array pattern (e.g.,
spoke-and-hub, linear, staggered, auxetic, and the like) may
be based on the location of the array on an apparel item. For
example, and as described in greater detail below, a linear or
staggered array of devices may be sufficient for areas of the
apparel item that are positioned adjacent to relatively planar
body surfaces or areas of the body that do not generate large
quantities of heat, or for those areas of the apparel item that
undergo little movement such as, for example, the sleeve
portions of a shirt. The spoke-and-hub pattern or the auxetic
pattern may be used for those areas of the apparel item that
are positioned adjacent to more convex or concave body
surfaces (shoulders, buttocks, upper chest, and the like) or
areas of the body that produce higher quantities of heat, or
for those areas of the apparel item that undergo significant
flexion/extension during activity. These are just examples,
and the positioning of a particular array pattern may differ
from those described.

[0090] Returning generally to FIG. 7, FIG. 10 depicts a
cross-sectional view, referenced generally by the numeral
1000, of the film 726 and the electronic circuit 728 taken
along cut line 10-10 of FIG. 7 in accordance with aspects
herein. As shown, the film 726 encloses and seals the
electronic circuit 728 in order to electrically insulate the
circuit 728. In exemplary aspects, the film 726 may be
optionally positioned between additional film layers. The
film layers may comprise, for example, thermoplastic poly-
urethane, polyurethane, silicone, rubber, plastic, and the
like. The additional film layers may be used to as a second-
ary level of insulation to prevent moisture from contacting
the electronic circuit 728. In an exemplary aspect, the film
726 and the additional film layers (if used) may be adhered
together through a heat bonding process to seal the resulting
structure.

[0091] The TEM array described herein provides for a
flexible structure that can be incorporated into an apparel
item to provide programmable heating, cooling, or recovery
features. The array may be sized and configured to enable an
adequately sized heating or cooling area while still main-
taining the flexibility, drapability, and functional features of
the apparel item. Further, the TEM array comprises safety
features designed to reduce the risk of electrical shock,
burning, and/or freezing.

[0092] Apparel Thermo-Regulatory System

[0093] Aspects herein contemplate an apparel item having
a thermo-regulatory system designed to actively heat or cool
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a wearer or provide recovery features to the wearer when the
apparel item is worn. The thermo-regulatory system may
comprise, for instance, an apparel item and one or more
TEM arrays positioned on the apparel item at predetermined
locations and held in place through use of one or more
dimensionally stable frames.

[0094] FIG. 11 illustrates an exploded view of a portion of
an apparel thermo-regulatory system 1100 in accordance
with aspects herein. In one exemplary aspect, the thermo-
regulatory system comprises: 1) a TEM array 1110 having
TEMs 1111; 2) a flexible textile 1112; 3) a perforated
dimensionally stable frame 1114 having apertures 1115, a
first surface 1122, and a second surface 1124; and 4) an
absorbent material 1116 having optional apertures 1117.
Aspects of the TEM array 1110, the dimensionally stable
frame 1114, and the absorbent material 1116 were discussed
above. Although the spoke-and-hub pattern is shown with
respect to the TEM array 1110, it is contemplated herein that
other array patterns may be used as described herein. As
well, although the shape of the TEMs 1111 is shown as being
circular, it is contemplated herein that other shapes for the
TEMs 1111 may be used (e.g., triangular, square, and the
like). Any and all aspects, and any variation thereof, are
contemplated as being within aspects herein.

[0095] As mentioned above, the textile 1112 may com-
prise a wicking fabric adapted to transport moisture from a
first surface 1118 of the textile 1112 to a second surface 1120
of the textile 1112. In use, the second surface 1120 of the
textile 1112 would comprise an outer-facing surface of an
apparel item and the first surface 1118 of the textile 1112
would comprise an inner-facing surface of the apparel item.
As well, the fabric of the textile 1112 may be selected to
have a high heat resistance so that it is able to withstand
direct contact temperatures of at least 50° C. without
deforming and/or without appreciably warming.

[0096] In use, the first surface 1122 of the dimensionally
stable frame 1114 would be affixed (either releasably or
permanently) to the second surface 1120 of the textile 1112,
and the absorbent material 1116 would be applied to the
second surface 1124 of the dimensionally stable frame 1114.
The hot side of the TEMs 1111 in the TEM array 1110 would
be positioned adjacent to the first surface 1118 of the textile
1112 such that the TEMs 1111 axially align with the aper-
tures 1115 of the dimensionally stable frame 1114 and/or the
apertures 1117 of the absorbent material 1116. Application
of an upward pressure to, for instance, the cold side of the
TEMs 1111 causes the TEMs 1111 to “snap” into the
apertures 1115 of the dimensionally stable frame 1114 and/or
the apertures 1117 of the absorbent material 1116 thus
releasably securing the TEM array 1110 to the textile 1112
while maintaining the structural integrity of the textile 1112.
When no longer needed or before washing the textile 1112,
the TEM array 1110 may be removed from the textile 1112
by exerting a downward pressure on the hot side of the
TEMs 1111 causing them to disengage from the apertures
1115.

[0097] The configuration shown in FIG. 11 is exemplary
only and other configurations are contemplated herein. For
instance, the configuration shown in FIG. 3 where the
dimensionally stable frame is formed of an absorbent mate-
rial is contemplated herein. Any and all aspects, and any
variation thereof, are contemplated as being within aspects
herein.
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[0098] A view of an isolated TEM after being releasably
mated to a dimensionally stable frame is illustrated in FIG.
12 in accordance with aspects herein and is referenced
generally by the numeral 1200. FIG. 12 depicts a TEM 1210
having a cold side plate 1212 and a hot side plate 1214 where
the cold side plate 1212 is adapted to be positioned adjacent
a skin surface 1234 of a wearer. A space is intentionally
shown between the cold side plate 1212 and the skin surface
1234 to better illustrate aspects of the configuration. In
reality the space between the cold side plate 1212 and the
skin surface 1234 would be non-existent or negligible.
[0099] FIG. 12 further depicts a flexible textile 1216
having a first surface 1218 and a second opposite surface
1220; a dimensionally stable frame 1222 having a first
surface 1224, a second opposite surface 1226, and an
aperture defined by aperture edges 1232; and an absorbent
material 1228 applied to the second surface 1226 of the
dimensionally stable frame 1222. The hot side plate 1214 of
the TEM 1210 is positioned adjacent to the first surface 1218
of the textile 1216 (away from the skin surface 1234), and
the first surface 1224 of the dimensionally stable frame 1222
is positioned adjacent to the second surface 1220 of the
textile 1216. Although the terms “hot side” and “cold side”
are used to describe this configuration, it is contemplated
herein that the cold side plate 1212 may actually comprise
a hot side depending on the polarity of the TEM 1210, and,
similarly, the hot side plate 1214 may comprise a cold side.
Any and all aspects, and any variation thereof, are contem-
plated as being within aspects herein.

[0100] The TEM 1210 has the structure depicted for the
device 800 shown in FIGS. 8A and 8B. For instance, the
TEM 1210 has a flange portion comprising the hot side plate
1214, where the flange portion radially extends from a
cylindrical base portion comprising the cold side plate 1212
to form a lip 1230 that extends circumferentially around the
cylindrical base portion of the TEM 1210. As described with
relation to FIGS. 8A and 8B, the diameter of the aperture of
the dimensionally stable frame 1222 is intermediate between
the diameter of the cylindrical base portion and the diameter
of the flange portion of the TEM 1210.

[0101] FIG. 13 is a magnified view of FIG. 12 taken at the
indicated area and illustrating how the lip 1230 of the TEM
1210 helps to secure the TEM 1210 within the dimensionally
stable frame 1222. As shown in FIG. 13, once inserted into
the aperture of the dimensionally stable frame 1222 via the
application of pressure to, for instance, the cold side plate
1212 of the TEM 1210, the lip 1230 rests on the second
surface 1226 of the dimensionally stable frame 1222. To
remove the TEM 1210 from the dimensionally stable frame
1222, a downward pressure may be applied to the hot side
plate 1214 to disengage the TEM 1210. Further, as shown in
FIGS. 12 and 13, once mated with the dimensionally stable
frame 1222, the textile 1216 covers and/or is positioned
adjacent to the hot side plate 1214 of the TEM 1210.
[0102] Turning now to FIGS. 14 and 15, front and back
perspective views respectively of an apparel item 1400
having a thermo-regulatory system are depicted in accor-
dance with aspects herein. Although shown in the form of a
shirt, it is contemplated herein that the apparel item 1400
may be in the form of a pant, a short, a compression sleeve
for an arm or a leg, a headband, a shoe, and the like.
[0103] The apparel item 1400 comprises at least a torso
portion 1410 (e.g., a front and back portion) adapted to cover
a torso area of a wearer when the apparel item 1400 is in an
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as-worn configuration. The torso portion 1410 defines at
least a neck opening 1412 and a waist opening 1414. The
apparel item 1400 may also optionally comprise sleeve
portions 1411 and 1413 adapted to cover the arms of the
wearer when the apparel item 1400 is worn. In exemplary
aspects, the apparel item 1400 may comprise a form-fitting
apparel item formed of a material exhibiting a moderate to
high degree of elasticity such that the apparel item 1400
generally conforms to the body surfaces of the wearer when
worn.

[0104] A thermo-regulatory system 1416, such as the
thermo-regulatory system shown in FIG. 11, is shown posi-
tioned on a front aspect of the torso portion 1410 (seen in
FIG. 14) proximate to the neck opening 1412, and a thermo-
regulatory system 1510 is shown positioned on a back aspect
of the torso portion 1410 (seen in FIG. 15) proximate to the
neck opening 1412. As used herein, the term “proximate”
means within 5 to 25 cm of the neck opening 1412. As well,
a thermo-regulatory system 1426 is shown positioned on the
sleeve portion 1413 (a similar thermo-regulatory system
may also be positioned on the sleeve portion 1411). The
thermo-regulatory systems 1416 and 1510 are positioned
generally along a vertical midline of the front and back of
the apparel item 1400. The areas in which the thermo-
regulatory systems 1416 and 1510 are positioned generally
correspond to high heat and/or sweat producing areas of a
human body as based on, for instance, heat maps and sweat
maps. The area in which the thermo-regulatory system 1426
is positioned may generally correspond to a medium to low
heat producing area. In exemplary aspects, each thermo-
regulatory system 1416, 1510, and 1426 comprises a cooling
(or a heating or a recovery) zone on the apparel item 1400.

[0105] In exemplary aspects, the thermo-regulatory sys-
tem 1416 may comprise a dimensionally stable frame 1418
affixed to the apparel item 1400 and into which TEMs 1420
are mated. The film and the electronic circuit 1422 used to
physically and electrically couple the TEMs 1420 are shown
by dashed lines to indicate they are located on the inner-
facing surface of the apparel item 1400. A power supply unit
1424 is also shown as being physically and electrically
coupled to the TEMs 1420 via the film and electronic circuit
1422. The power supply unit 1424 is also shown by dashed
lines to indicate that it may be located on the inner-facing
surface of the apparel item. However, it is contemplated
herein that the power supply unit 1424 may be positioned on
the outer-facing surface of the apparel item 1400 in some
aspects. The power supply unit 1424 may be secured to the
apparel item 1400 using, for instance, a pocket, a releasable
fastener system such as a loop-and-hook fastener, snaps,
buttons, and the like. Further, it is contemplated herein that
the power supply unit 1424 may be configured as one of the
devices in the TEM array as described above. Thus, the
power supply unit 1424 may not comprise a separate unit
such as that shown in FIG. 14. Any and all aspects, and any
variation thereof, are contemplated as being within aspects
herein. The description of the thermo-regulatory system
1416 is equally applicable to the thermo-regulatory system
1510 and the thermo-regulatory system 1426. Additionally,
it is contemplated herein that the apparel item 1400 may
comprise additional thermo-regulatory systems positioned
on the apparel item 1400 in locations corresponding to high
to medium heat and/or sweat producing areas. In one
example, the apparel item may comprise between 1 and 15



US 2018/0110266 Al

thermo-regulatory systems to provide a corresponding num-
ber of heating or cooling zones.

[0106] In use, a wearer may independently program the
thermo-regulatory system 1416, the thermo-regulatory sys-
tem 1426, and the thermo-regulatory system 1510 using, for
instance, a mobile application. For instance, the wearer may
program a temperature set point for the cold side of the
TEMs and/or the hot side of the TEMs. The wearer may also
program a cycling time for each thermo-regulatory system
1416, 1426, and 1510 (i.e., a time period in which the
thermo-regulatory system 1416, 1426, and/or 1516 is in an
on state and/or an off state). Cycling the thermo-regulatory
systems 1416, 1426, and/or 1510 between an on state and an
off state may help to prevent habituation by the wearer.
Continuing, the wearer may additionally program a recovery
cycle that causes the surface of the TEMs in contact with the
wearer’s skin surface to alternate between a hot state and a
cold state. Any and all aspects, and any variation thereof, are
contemplated as being within aspects herein.

[0107] Continuing, the wearer would don the apparel item
1400 and begin exercising or begin his or her job duties
when used by, for example, firefighters or military person-
nel. Alternatively, the wearer may don the apparel item 1400
subsequent to exercising in order to cool down and or to
promote recovery. As the wearer begins to perspire, the
sweat may move from an inner-facing surface of the apparel
item 1400 to the outer-facing surface of the apparel item
1400 due to the wicking properties of the textile forming the
apparel item 1400. The sweat may then accumulate in the
absorbent material deposited on the dimensionally stable
frame of the thermo-regulatory systems 1416, 1426, and/or
1510. This process may be helped by perforating the dimen-
sionally stable frame such that the sweat can move from the
textile forming the apparel item 1400 to the absorbent
material. The accumulation of sweat in the absorbent mate-
rial is facilitated by positioning the thermo-regulatory sys-
tems 1416 and 1510 on the apparel item 1400 in locations
positioned adjacent to high sweat-producing areas of the
wearer.

[0108] Because the absorbent material surrounds and/or is
positioned adjacent to the hot side of the TEMs, release of
the sweat by the absorbent material and its subsequent
evaporation from the hot side of the TEMs helps to remove
heat from the TEMs. This, in turn, helps the TEMs to operate
more efficiently. For example, by dissipating heat from the
hot side of the TEMs, a greater temperature differential can
be maintained between the cold side and the hot side of the
TEMs. This, in turn, reduces the amount of power needed to
run the TEMs.

[0109] The use of the wearer’s own sweat to dissipate heat
from the hot side of the TEMs may be augmented by
providing an external liquid source to the hot side of the
TEMs. For instance, water may be sprayed or applied to the
apparel item 1400 in areas where the thermo-regulatory
systems 1416, 1426, and 1510 are located. Evaporation of
the water may further help to dissipate heat from the hot side
of the TEMs. As well, removal of heat from the hot side of
the TEMs via evaporation may be further enhanced by air
movement over the thermo-regulatory systems 1416, 1426,
and/or 1510 either through intrinsic wearer movement (e.g.,
running) or by an external wind source such as fans.
[0110] It is contemplated herein that additional mecha-
nisms of driving sweat to the thermo-regulatory systems
1416, 1426, and 1510 may be utilized. In one example,
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wicking threads or yarns may be integrated into the apparel
item 1400 such that a first end of the wicking thread is
positioned at a location disparate from the thermo-regulatory
systems 1416, 1426, and 1510 and a second end of the
wicking thread is positioned adjacent the TEMs and/or
adjacent to the absorbent material. For instance, a first end
of the wicking threads or yarns may be positioned at areas
of the apparel item proximate to the waist opening 1414.
Thus, sweat generated at a location on the apparel item that
is disparate from the thermo-regulatory systems 1416, 1426,
and/or 1510 may be transported to the systems 1416, 1426,
and/or 1510 using the wicking threads.

[0111] Continuing, in another example, some or all of the
apparel item 1400 may be formed from a hydrophobic
material and hydrophilic channels may be created on the
apparel item 1400 via for instance, a process that deposits a
hydrophilic material on the apparel item 1400, the use of
hydrophilic fabrics, and the like. The channels may be used
to transport sweat generated at a location on the apparel item
1400 that is disparate from the thermo-regulatory systems
1416, 1426, and/or 1510 to the systems 1416, 1426, and/or
1510. In an additional example, and as described above with
respect to FIG. 4A, a hydrophobic treatment may be applied
to the apparel item 1400 in such a way as to force moisture
and/or sweat to travel along hydrophilic channels formed by,
for instance, a hydrogel or SAP applied to the apparel item
1400 and/or by forming the apparel item 1400 from a
moisture wicking fabric. Any and all aspects, and any
variation thereof, are contemplated as being within aspects
herein.

[0112] Besides being used to cool the wearer, the thermo-
regulatory systems 1416, 1426, and 1510 may also be used
to heat the wearer. For instance, the polarity of the TEMs
may be reversed such that the cold side of the TEMs
becomes the hot side and the hot side of the TEMs becomes
the cold side. As such, the hot side of the TEMs is positioned
to be adjacent to a skin surface of a wearer when the apparel
item 1400 is worn. Similar to above, the wearer can program
the hot side of the TEMs to a desired temperature such as
between, for example, 30 to 40° C., set a cycle time, and the
like. Instead of heat from the hot side of the TEMs being
dissipated to the ambient air, the heat can be dissipated to the
wearer’s skin surface helping to warm the wearer.

[0113] The thermo-regulatory systems 1416, 1426, and
1510 may also be used to help the wearer recover from
athletic activities. For instance, the TEMs in the thermo-
regulatory systems 1416, 1426, and 1510 may be pro-
grammed to cycle from a hot state to a cold state. More
particularly, the polarity of the TEMs may be cyclically
changed such that the cold side of the TEM becomes the hot
side and then cycles back to the cold side according to a
programmed schedule.

[0114] It is contemplated herein that thermo-regulatory
systems may also be incorporated into other apparel items
such as pants. An example of this is shown in FIG. 19, which
depicts a front view of a pair of pants 1900 having a
thermo-regulatory system 1920 positioned at an anterior,
upper portion of a first leg portion 1910 of the pant 1900 and
a thermo-regulatory system 1922 positioned at an anterior,
upper portion of a second leg portion 1912 of the pant 1900.
These locations may correspond to the quadriceps muscle
groups of a wearer when the apparel item 1900 is worn. In
exemplary aspects, these locations may correspond to high
heat producing areas of a wearer and, as well, may corre-
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spond to muscle groups that may benefit from the recovery
features associated with the thermo-regulatory systems
described herein (i.e., alternating heating and cooling fea-
tures).

[0115] The thermo-regulatory systems 1920 and 1922 are
shown as having an auxetic pattern as described in relation
to FIGS. 18C-18D. Although the spokes between adjacent
TEMs are shown as being on the outer-facing surface of the
apparel item 1900, it is contemplated herein that the TEMs
with their associated spokes would be positioned adjacent
the inner-facing surface of the apparel item 1900. The
depiction shown in FIG. 19 is for illustrative purposes only.
Because the thigh area of a wearer is a generally convex,
tubular-shaped area, using an auxetic pattern for the thermo-
regulatory systems 1920 and 1922 enables the systems 1920
and 1922 to “wrap around” the thigh area of a wearer in
order to maintain close contact with the wearer’s skin
surface and allows the thermo-regulatory systems 1920 and
1922 to flex and extend with wearer movement.

[0116] It is contemplated herein that additional thermo-
regulatory systems may be used in association with the pants
1900. For example, thermo-regulatory systems may be
located on the back of the pant, along the shin/calf areas of
the pant, across the buttocks area of the pants, and the like.
Moreover, the systems may assume a variety of patterns
such as the spoke-and-hub, linear, and staggered patterns
described herein. Further, the shape of the TEMs may be
different from that shown (e.g., triangular, square, rectangle,
and the like). Any and all aspects, and any variation thereof,
are contemplated as being within aspects herein.

[0117] An example of an apparel thermo-regulatory sys-
tem that utilizes triangular-shaped TEMs is shown in FIG.
20 in accordance with aspects herein. FIG. 20 illustrates a
front view of a pant 2000 having at least a first leg portion
2010 and a second leg portion 2012. A thermo-regulatory
system 2020 having triangular-shaped TEMs is located at an
upper part of the first leg portion 2010, and a thermo-
regulatory system 2022 having triangular-shaped TEMs is
located at an upper part of the second leg portion 2012.
These locations are exemplary only. As shown, the triangu-
lar-shaped TEMs in the thermo-regulatory systems 2020 and
2022 are arranged in a tessellation-type pattern such that
there are minimal gaps between adjacent TEMs. Use of such
a pattern provides targeted heating or cooling with a minimal
footprint (i.e., a higher number of TEMs can be positioned
within a small surface area by arranging the triangular-
shaped TEMs in a tessellation-type pattern). Moreover, the
gaps or spaces between adjacent TEMs in the thermo-
regulatory systems 2020 and 2022 may act as flexion/
extension areas allowing the systems 2020 and 2022 to
conform to a wearer’s surface morphology and/or to flex and
extend with wearer movement. This both improves wearer
comfort and increases the area of contact of the systems
2020 and 2022 with the wearer’s skin surface thereby
providing more effective heating and cooling. It is contem-
plated herein that the TEMs may comprise different shapes
suitable to form tessellation-type patterns as described
herein.

[0118] The apparel thermo-regulatory system described
herein enables an effective heating/cooling mechanism in
the form of TEM arrays to be integrated into an apparel item
without significantly comprising the weight and/or integrity
of the apparel item as well as the different functional
characteristics of the apparel item.
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[0119] Aspects of the present invention have been
described with the intent to be illustrative rather than restric-
tive. Alternative aspects will become apparent to those
skilled in the art that do not depart from its scope. A skilled
artisan may develop alternative means of implementing the
aforementioned improvements without departing from the
scope of the present invention.

[0120] It will be understood that certain features and
subcombinations are of utility and may be employed without
reference to other features and subcombinations and are
contemplated within the scope of the claims. Not all steps
listed in the various figures need be carried out in the specific
order described.

What is claimed is:

1. An attachment structure for attaching at least one
device to an apparel item, the attachment structure compris-
ing:

a dimensionally stable frame having a first surface and a
second surface opposite the first surface, the dimen-
sionally stable frame having at least one aperture
operable to receive the device, the first surface of the
dimensionally stable frame adapted to be affixed to a
first surface of the apparel item; and

an absorbent material applied to the second surface of the
dimensionally stable frame.

2. The attachment structure of claim 1, wherein the
dimensionally stable frame is formed from thermoplastic
polyurethane.

3. The attachment structure of claim 1, wherein the
dimensionally stable frame is perforated.

4. The attachment structure of claim 1, wherein the device
comprises a thermoelectric module.

5. The attachment structure of claim 1, wherein the
absorbent material comprises one or more of a hydrogel, a
super absorbent polymer, a non-woven material, or a knit
pile material.

6. The attachment structure of claim 1, wherein the first
surface of the apparel item comprises an outer-facing sur-
face of the apparel item.

7. An attachment structure for attaching a plurality of
devices to an apparel item, the attachment structure com-
prising:

a dimensionally stable frame having a first surface and a
second surface opposite the first surface, the dimen-
sionally stable frame comprising a plurality of aper-
tures, each aperture operable to receive a device, the
first surface of the dimensionally stable frame adapted
to be affixed to a first surface of the apparel item.

8. The attachment structure of claim 7, wherein the

plurality of devices comprise thermoelectric modules.

9. The attachment structure of claim 8, further compris-
ing: an absorbent material applied to the second surface of
the dimensionally stable frame.

10. The attachment structure of claim 9, wherein the
absorbent material comprises one or more of a hydrogel, a
super absorbent polymer, a non-woven material, or a knit
pile material.

11. The attachment structure of claim 7, wherein the
plurality of apertures comprises at least four apertures.

12. The attachment structure of claim 7, wherein each
aperture has a diameter between 23.6 mm and 26.6 mm.

13. The attachment structure of claim 7, wherein the first
surface of the apparel item comprises an outer-facing sur-
face of the apparel item.
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14. The attachment structure of claim 7, wherein the
dimensionally stable frame comprises a thermoplastic poly-
urethane film.

15. The attachment structure of claim 7, wherein the
dimensionally stable frame is perforated.

16. An attachment structure for attaching a plurality of
devices to an apparel item, the attachment structure com-
prising:

a dimensionally stable frame formed from an absorbent
material, the dimensionally stable frame having a first
surface and a second surface opposite the first surface,
the dimensionally stable frame comprising a plurality
of apertures, each aperture operable to receive a device,
the first surface of the dimensionally stable frame
adapted to be affixed to an outer-facing surface of an
apparel item.

17. The attachment structure of claim 16, wherein the
dimensionally stable frame is formed from one or more of a
spacer mesh or a non-woven material.

18. The attachment structure of claim 16, wherein the
device comprises a thermoelectric module.

19. The attachment structure of claim 16, wherein the
plurality of apertures comprises at least four apertures.

20. The attachment structure of claim 16, wherein each
aperture has a diameter between 23.6 mm and 26.6 mm.
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